ABSTRACT In recent years, some composite insulators operating in coastal foggy areas have shown different levels of degradation phenomena. This paper presents several performances and properties of silicone rubber under the salt-fog environment with AC voltage. Analysis conducted after salt-fog treatment by techniques, such as static contact angle, Fourier transform infrared spectroscopy (FTIR), scanning electron microscopy (SEM), dielectric parameter, and flashover voltage show a significant degradation of samples. The absorption peak of the hydrophobic groups (Si-(CH 3 ) 2 and Si-CH 3 ) decreased, the surface of the material became rough, and the dielectric and electrical properties were also deteriorated. Due to the thermal effects and impact of high-energy particles, the molecular chains on the surface of silicone rubber were broken, and the smooth surface structure was destroyed, resulting in the formation of hydrophilic chemical bonds and precipitation of inorganic substances. The intrusion of moisture further reduces the dielectric parameters and the electrical strength of the material. In addition, the samples in the salt-fog environment with a greater conductivity are more degraded, indicating that the salt-fog has an aggravating effect on the aging of the silicone rubber. Thus, it is recommended to pay attention to the monitoring and examining the work of composite insulators operating in a foggy and high humidity environment.
I. INTRODUCTION
Composite insulators with high temperature vulcanized (HTV) silicone rubber sheds have a good anti-pollution performance due to their hydrophobicity and hydrophobicity transfer. Hydrophobicity is the physical property of a molecule that is repelled from water, water on hydrophobic surfaces will exhibit a high contact angle. In addition, when the surface of the silicone rubber is covered by the dirt, the small molecules inside it will migrate to the surface of the contamination layer to maintain the hydrophobicity of the silicone rubber surface, this kind of property is called hydrophobicity transfer. Because of the above characteristics,
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composite insulators are widely used in power systems in recent decades as a replacement for traditional outdoor insulators [1] - [3] . The aging and properties of composite insulators are also a concern of researchers. Under the influence of external environmental factors, the performance and properties of the silicone rubber composite insulator in operation will be degraded. For example, the high-energy ultraviolet radiation and gamma rays can impact the chains structure by breaking long chains to short ones, which will cause a reduce of hydrophobicity of silicone rubber [4] , [5] . The electric field has influence on the size and shape of the water droplets on the surface of the silicone rubber [6] , which may affect the flashover voltage of the composite insulator. In turn, water droplets also affect the distribution of the electric field on the surface of the silicone rubber, which in turn leads to corona discharge and even flashover [7] , [8] . During a long-term aging, the performance of silicone rubber will decrease to some extent [9] .
In addition, with the construction of extra-high voltage (EHV) and ultra-high voltage (UHV) transmission project in China, the natural environment of the area through which the transmission line passes are more complicated, it is observed that the insulation properties of the on-site insulators which operate in salt-fog environment around coastal areas have decreased. There is a loss of hydrophobicity and decline of flashover withstanding performance, causing a concern to engineers and technicians. In most coastal regions, the salts in the seawater droplets and bubbles spread in the air and form salt-fog, deposited on the surface of the insulator. In this case, salt-fog, taken into account as an independent factor, can cause a decrease in the flashover voltage [10] . It is found that the deterioration of composite insulators in indoor salt spray environments is even more serious than long-term exposure in the wild [11] . And it is found that corona aging in a salt-fog environment is more severe than an un-energized salt-fog aging [12] . Corona in cold-fog will induce more hydroxylation of silicone rubber, this may bring down the long term performance of the composite insulator [13] . Salt-fog also affects the characteristics of the leakage current. The leakage current increases as the salt fog increases, and its frequency distribution also changes. It is considered that the performance of the insulator can be judged based on the frequency distribution of the leakage current [14] . Some detection techniques were applied study the effect of salt-fog on silicone rubber materials. It has been found that the performance of silicone rubber has deteriorated to some extent, such as the reduction of static contact angle and the absorption peaks of hydrophobic function groups (Si-CH 3 and Si-(CH 3 ) 2 ) in the Fourier infrared spectra, as well as the defects on the surface of silicone rubber. In summary, a large number of studies have shown that saltfog has an influence on the aging and performance of silicone rubber [15] - [21] .
So far, the influence of salt-fog on silicone rubber has gradually gained the attention of industry experts. In this paper, we studied the changes in several typical properties of silicone rubber in the salt-fog environment with a AC voltage. The static contact angles of the surface of tested samples were measured to study the change in hydrophobicity. The microstructure changes of silicone rubber were discussed by Fourier transform infrared spectroscopy (FTIR) and scanning electron microscopy (SEM) techniques, based on which the chemical action process of surface degradation of silicone rubber materials was discussed. The dielectric properties and electrical strength were used to study changes in electrical performance. The research results can further reveal the operating characteristics of composite insulators, providing experimental basis and technical support for external insulation selection and design. 
II. SAMPLES, EXPERIMENTAL SETUP AND TEST TECHNIQUES A. SAMPLES
In this paper, a sheet-like silicone rubber with a length of 150 mm, a width of 120 mm and a thickness of 6 mm was made as the sample, shown in Fig. 1 . During the aging process, electrodes were installed on both sides of the sample to meet the test requirements.
B. EXPERIMENTAL SETUP AND PROCEDURE
The aging test was carried out in an artificial climate chamber with a diameter of 2.0 m and a length of 3.8 m and a minimum temperature of −36 • C. The artificial tests on complex climate atmospheric environments can be carried out in the climate chamber, such as ice, rain, fog, and low barometric pressure. The salt-fog was generated by an ultrasonic watermist generator. The amount of fog is 2500 g/h; the average fog particle size is 1∼10 µm. The AC power of salt-fog tests was supplied by 150 kV/6 A test transformer, which can provide a maximum short circuit current 30 A. The power supply meets the requirement of artificial pollution test recommended by IEC [22] .
The schematic test circuit is shown in Fig. 2 . In the test circuit, T is the AC test transformer, R 0 is a current limiting resistor, R 1 and R 2 are the resistors of the resistor divider D (1000:1), H is a wall bushing, r (1 ) is a sampling resistor for the current recording, E represents the artificial climate chamber, F is the salt-fog generator, G is a protective discharge tube. VOLUME 7, 2019 Before the test, all the samples were firstly carefully cleaned and then let dry in a dust-free environment (30 • C, RH 50%) for 24 hours. The temperature in the chamber was controlled at around 10 • C with a variation range less than 2 • C during tests. According to the creepage ratio of the moderately polluted area in China [23] (34.7 mm/kV) and the creepage distance of the sample (125 mm), the withstand voltage is determined to be 3.6 kV. After the salt-fog generator was activated, the withstand voltage was applied on the sample for different time T (2h, 4h, 6h, and 8h) under different fog water conductivity condition (corrected to 20 • C, γ 20 =100 µS/cm, 1000 µS/cm, 3000 µS/cm and 5000 µS/cm).
The samples were subjected to a AC aging test of 2 hours, 4 hours, 6 hours, and 8 hours in a same salt-fog environment. The samples were then tested for physicochemical property as well as electrical properties. The same experiment was re-carried out after changing the fog water conductivity of the salt-fog environment on another sample.
In recent studies [24] - [26] , the leakage current is analyzed about the assessment of insulator. So in this paper, the typical waveform of leakage current for the salt-fog test was recorded using a signal acquisition system for the purpose to better describe and explain the discharge process of energized silicone rubber sample in the salt-fog environment.
In addition, the following discharge parameters were statistically calculated.
(1) Pulses number: The number of leakage current pulses exceeding a certain amplitude. 200 µA, 500 µA, 1 mA, and 2 mA are chosen as the threshold values, N 1 , N 2 , N 3 , and N 4 are the numbers of pulses whose amplitude is great than the threshold, correspondingly. Peaks and troughs are considered as two single pulses.
(2) Maximum pulse amplitude (I max ): The maximum pulse amplitude of the leakage current for a certain period of time.
(3) Accumulated discharge amount (Q): Accumulated discharge in a certain period of time can be calculated by follows:
where Q is the accumulated discharge amount (C), i(t) is the leakage current, τ is the cumulative time.
C. HYDROPHOBICITY
The surface hydrophobicity is one of the key factors to assess the degradation of composite materials used for outdoor insulation. It is generally believed that the greater the static contact angle, the better the hydrophobicity of the silicone rubber material. In the present study, static contact angle measurement is used to quantify the hydrophobicity of silicone rubber samples after salt-fog test. The static contact angle was measured by DropMeter A-100p contact angle measuring instrument made in China. The measuring range is 0
The procedure of contact angle measurement is as following: firstly, the sample is laid horizontally on the holder and a water drop with a volume of 50 µL is dropped onto the surface of the sample. After 1 minute when the water drop becomes stable, the drop and sample surface is pictured, and then its contact angle can be calculated. In order to collect well-dispersed data, nine different positions of each sample are measured and the results are averaged.
D. FOURIER TRANSFORM INFRARED SPECTROSCOPY (FTIR)
The Fourier transform infrared spectroscopy is one of the powerful analytical techniques which can be effectively used to study the molecular bonds that are present in a given composition [27] . The equipment used in the FTIR test was an ALPHA Fourier infrared spectrometer manufactured by Bruker, Germany. Its spectral range is 370 cm −1 ∼ 7500 cm −1 , and the resolution is less than 1 cm −1 . The organic compound will produce some characteristic spectra in the infrared region. For the silicone rubber material used in the composite insulator umbrella skirt, the bands in the absorption band diagram corresponding to each functional group are shown in Table 1 . The height of the absorption peak corresponding to each functional group is related to the content of the functional group. The higher the absorbance of the absorption peak of a certain band, the stronger the ability to absorb the spectra, and the more the number of functional groups corresponding to the band.
After the salt-fog test with AC voltage, the chemical composition of the silicone rubber sample is analyzed by infrared spectroscopy, and the structure of the unknown can be inferred based on the position and shape of the absorption peak in the spectra.
E. SCANNING ELECTRON MICROSCOPY (SEM)
The scanning electron microscopy is a useful technique for detecting the surface morphological changes. SEM studies were carried out using a FEI field emission scanning electron microscope (USA make) with a magnification 80∼150,000. The electron gun of the SEM is operated in the voltage range of 200V∼15 kV, in high vacuum mode.
After the salt-fog test with AC voltage, a small sample with a size of 1 mm × 2 mm × 3 mm was cut from the silicone rubber sheet for SEM testing. Since silicone rubber is an insulating material, to establish the conducting surface for SEM analysis, each sample has been coated with a thin layer of platinum using platinum sputtering technique.
F. DIELECTRIC PARAMETER
The dielectric parameters can comprehensively reflect the physical properties of the dielectric, including polarization performance and loss performance. In this paper, the dielectric parameters such as complex dielectric permittivity (ε) and dielectric loss (tanδ) of silicone rubber sample at different frequencies were measured by a broadband dielectric spectra scanner.
The dielectric parameters of the silicone rubber samples were measured using an Alpha-A concept 80 broadband dielectric spectra scanner manufactured by Novecontrol Technologies, Germany. The frequency measurement range of the device is 0.3Hz∼10MHz, and the test temperature range is −160 • C ∼ 300 • C. For dielectric measurements, the sample size is 30 mm × 30 mm and two round measurement electrodes are attached to the top and bottom of the sample. The measurement temperature is 25 • C, and the measurement frequency is set to 10 −1 Hz to 10 6 Hz.
G. ELECTRICAL STRENGTH
Electrical strength can be used to macroscopically evaluate the ability of insulators and insulation materials to withstand voltage during operation. In this paper, the electrical strength of the material is characterized by the AC flashover voltage of the silicone rubber sample in the salt-fog environment.
During the flashover tests, the uniform boosting method was adopted, which mean that the applied voltage was increased uniformly until flashover occurred. To ensure the accuracy and rationality of the experiment, 4∼5 flashover tests were carried out for each sample, and 3∼4 samples were selected under the same conditions for repeated test. The average flashover voltage U f and the relative standard deviation error (σ ) were calculated by the equation as follows:
where U i is an applied voltage, m is the whole number of the effective flashover voltage for each test condition.
III. RESULTS AND DISCUSSION

A. HYDROPHOBICITY
The silicone rubber material has good hydrophobicity on the surface, which is why it is widely used in power systems.
Composite insulators made of silicone rubber have excellent anti-pollution performance because water droplets do not easily aggregate on the surface of the insulator to form a conductive path. However, it has been observed in this test that the surface hydrophobicity of silicone rubber samples operating in an energized salt-fog environment tends to decrease. The comparison of the surface states of the energized and nonenergized samples is shown in Fig. 3 , taking T is 8h and γ 20 is 1000 µS/cm for example. It is clearly shown in Fig. 3 that there is a distinct difference of surface state between two samples. For the nonenergized sample, the water droplets are distributed evenly and independently on the surface, with no connected water film areas. For the sample with AC voltage of 3.6 kV, water film and channel can be clearly seen on the surface. This kind of difference in surface state indicates that the electrical field has a destructive effect on the hydrophobicity of the silicone rubber material. The possible reason for the distortion of water droplet shape and distribution state on the material surface is: a single water droplet is elongated under the action of an electric field force, gradually merging with adjacent water droplets, and then forming a water film or a water channel. Besides, it is more likely to generate an electric arc in the water film connection region, and the arc combustion destroys the molecular structure of the material, resulting in a white powder, which is called pulverization.
Further, the static contact angle of the silicone rubber for different energized time and different fog water conductivity were measured to investigate the degradation of the hydrophobicity of the silicone rubber surface, as shown in Fig. 4 and Fig. 5 .
In the salt-fog environment, the static contact angle of the silicone rubber sample is related to the testing time. The longer the duration, the smaller the static contact angle value and the worse the hydrophobicity. For example, the static contact angle values of the sample are 110.1 • , 97.1 • , 89.6 • and 69.7 • when the water conductivity is 1000 µS/cm for 2h, 4h, 6h and 8h, decreased by 2.74%, 13.78%, 20.85%, and 38.43%, respectively, compared with the new sample (113.2 • ), which indicates that the hydrophobicity of the silicone rubber sample has deteriorated. The static contact angle of the sample surface decreases with the increase of water conductivity. The angles are 84.3 • , 69.7 • , 60.3 • and 57.7 • when the water conductivity values are 100 µS/cm, 1000 µS/cm, 3000 µS/cm and 5000 µS/cm.
The degradation of hydrophobicity may be related to the changes molecular structure and microstructure of the surface VOLUME 7, 2019 of the silicone rubber sample. It can be speculated that in the salt-fog condition, the discharge on the samples surface will destroy the molecular structure surface flatness, thereby reducing the hydrophobicity, this issue will be discussed further below. Fig. 6 shows the FTIR absorption spectra for one fresh sample and four aged samples tested under salt fog condition with AC voltage for different duration time, and Fig. 7   FIGURE 7 . The effect of the water conductivity on the FTIR spectra (t = 8h, AC 3.6 kV).
B. FOURIER TRANSFORM INFRARED SPECTROSCOPY (FTIR)
presents the FTIR spectra result for different salt-fog water conductivity.
It can be observed that for all samples, the characteristic peaks of Si-(CH 3 ) 2 and Si-CH 3 are reduced, which indicates that the side chain is cut, and the hydrophobic methyl group is reduced. Therefore, the static contact angle of the sample surface is reduced, as mentioned above. Similarly, the absorption peak of Si-O-Si near region 1000 cm −1 to 1100 cm −1 is reduced, it indicates a sign that the main chain is broken and the degree of crosslinking is decreased. The longer the energized time, the more obvious the degree of decline, indicating that the degradation is gradually getting worse.
The region 3200 cm −1 to 3700 cm −1 in FTIR for silicone rubber attributes to the O-H bond in the alumina trihydrate (ATH), which is added to silicone rubber as a filler material to inhibit the corona and arc of silicone rubber [28] . Further, it can be observed that samples in salt-fog condition with AC voltage showed much prominence effect by having much lower absorption peak in the region 3200 cm −1 to 3700 cm −1 in comparison with the fresh sample. This indicates a hydroxylation of the silicone rubber with saltfog under salt-fog test, ATH breaks down into alumina and water. And the longer the test time, the more obvious this phenomenon. The high temperature during discharge causes the decomposition of inorganic flame retardant on the surface of the sample. Due to the reduction of ATH, the arc resistance of the material surface will be reduced, partial discharge of silicone rubber surface is more likely to occur, corona and arc discharge develop more rapidly.
In addition, it can be seen from Fig. 7 that the absorption peak is related to the fog-water conductivity, and the higher the fog-water conductivity, the lower the peak value of the absorption peak. However, the difference in FTIR spectra of each sample after 8 hours was small, which may be due to the severe arc discharge of all the samples, and the molecular chain breakage and ATH decomposition were very serious.
C. SCANNING ELECTRON MICROSCOPY (SEM)
The surface defects such as cracks and holes of silicone rubber material can be observed and analyzed by SEM technique to evaluate the performance and degradation of the material. In Fig. 8 , for a fresh sample, there are only some small white particles (may be filler Al(OH) 3 ) scattering on the surface and no obvious defects existing. Fig. 9 shows the surface morphology of tested samples under salt-fog condition with AC voltage for different withstand time. It can be clearly observed that the surface microstructure of tested samples is greatly eroded compared with the new sample. The surface of the sample became very rough, and defects such as minute holes and cracks appeared, and a large amount of minute particles adhered. As time goes on, the cluster-like small particles gradually cover the surface of the silicone rubber, making it difficult to see the material body. From the FTIR spectra results analyzed above, it is speculated that the cluster attached to the surface of sample may be small molecule siloxane produced by degradation of the silicone rubber molecule and inorganic particle formed by decomposition of ATH.
Further, it can be noticed from Fig. 10 that the surface degradation of sample with a higher fog water conductivity under energized condition is more serious. This reason may be that the discharge on the sample surface with a higher conductivity condition is more severe and the damage to the surface is greater.
D. DIELECTRIC PARAMETER
The complex permittivity (real part ε', imaginary part ε'') and dielectric loss (tanδ) of the silicone rubber for different test time and different fog-water conductivity were obtained, as shown in Fig. 11 and Fig. 12 . Table 2 and Table 3 show the complex permittivity and dielectric loss values of the samples at frequencies of 10 −1 Hz, 50 Hz, and 10 4 Hz.
It can be concluded from Fig. 11 and Table 2 that as the charging time increases, the dielectric parameters and dielectric loss of the sample become larger. To be specific, taking f = 50 Hz for example, for the samples tested for 2h, 4h, 6h and 8h in energized salt-fog condition, the real part (ε') of the complex dielectric constant increased by 7.65%, 18.25%, 21.17% and 22.83%, the imaginary part (ε'') increased by 1.57 times, 3.59 times, 4.60 times and 10.71 times, and the dielectric loss (tanδ) increased by 1.33 times, 2.78 times, 3.50 times and 8.28 times, compared with the fresh sample. The reason may be that as the energized time increases, the surface of the silicone rubber sample is destroyed, causing physical defects such as holes and cracks, as mentioned in FTIR and SEM test result, which increases the moisture absorption rate of the material, so the moisture easily invaded the inside of the material. The dielectric constant of water is much higher than that of silicone rubber, and the response time to the electric field is short, so the intrusion of moisture increases the polarization and increases the loss.
Similarly, the dielectric parameters and dielectric loss coefficients of the samples in different fog water conductivity environments increase with the increase of conductivity, which indicates that in the environment where the conductivity of the mist water is large, the discharge of the surface of the sample is more severe. With the progress of the test, the surface damage of the sample is aggravated, which makes the moisture in the environment more easily invade into the material. Since water is a polar molecule, its conductivity is much stronger than that of silicone rubber, which results in a large dielectric parameter and dielectric loss of the tested sample material.
E. ELECTRICAL STRENGTH
The AC flashover test results are shown in Table 4 and Fig. 13 . It can be concluded that the AC flashover voltage decreases with the increase of withstand time T. For instance, the U f are 13.8 kV, 11.2 kV, 9.2 kV and 7.6 kV respectively when T is 2h, 4h, 6h and 8h, correspondingly. The flashover voltage of 4h, 6h, and 8h decrease by 18.8%, 33.3% and 44.9% compared to it of 2h, which shows a sign that as the test time increases, the electrical strength of the sample decreases.
In addition, the fog water conductivity has a significant effect on the electrical strength. There is an obvious decrease of the flashover voltage when γ 20 increases. When T is 2h, and γ 20 is 100 µS/cm, 1000 µS/cm, 3000 µS/cm and 5000 µS/cm, the U f is 20.7 kV, 14.0 kV, 11.8 kV and 10.6 kV correspondingly, which indicates that the U f decreases by 32.4%, 43% and 48.8%, respectively. The reason of the drop in the flashover voltage may be the deterioration of the insulating properties caused by the decrease of the surface structure and dielectric properties of silicone rubber samples, as mentioned above.
F. DEGRADATION OF SILICONE RUBBER
Leakage current is a comprehensive representation of the performance of silicone rubber samples during the test. Fig. 14 shows the typical waveforms of leakage current in different time periods. It can be seen that as the test progresses, the amplitude of the leakage current are significantly increased, indicating that the performance of silicone rubber decreases more significantly. The specific characteristic quantities of leakage current in different time periods when γ 20 is 1000 µS/cm and 5000 µS/cm are shown in Table 5 .
It can be concluded that as the energized time increases, the number of characteristic pulses (N 1 ∼N 4 ) , the maximum pulse amplitude (I max ) and the cumulative discharge (Q) all increase, which indicates that the intensity of discharge increases. Taking γ 20 is 1000 µS/cm for example, the ratio of the number of pulses exceeding 200 µA (N 1 ) to the total number of pulses is 0.70%, 59.07%, 66.59% and 79.78% in the time periods of 0∼2h, 2∼4h, 4∼6h and 6∼8h, correspondingly. In the first two hours, there is no pulse exceeding 500 µA, while pulses with amplitudes over 1mA begin to appear within 2∼4h. The accumulated discharge amount of 6∼8h is 818 times to it of 0∼2h, and the maximum pulse amplitude is increased by 3.5 times. The change in the characteristic amount is more obvious when the fog water conductivity is 5000 µS/cm.
In addition, the variation of leakage current characteristic under different fog water conductivity conditions is shown in Table 6 , recording time is 8 hours. It can be seen from Table 6 that the number of discharge pulses, the cumulative discharge amount, and the maximum pulse amplitude increase as the fog water conductivity increases. For example, when γ 20 is 100 µS/cm, N 1 is 580,924, accounting for 20.17% for all pulses, I max is 1.019 mA, and Q is 24 mC, which indicates that the surface discharge of the sample is not serious in the charging test. The pulse ratio over 200 µA increases to 70.35%, the I max is 4.280 mA, and Q is 3.845 C when γ 20 is 5000 µS/cm, showing that the starting time of partial discharge is advanced, the discharge intensity is increased.
The main aim of the above various analyses is to study the changes in the properties and performances of samples and establish a degradation model of silicone rubber VOLUME 7, 2019 under energized salt-fog environment based on the test and measurement results. The changes of properties and performances of silicone rubber samples are listed in Table 7 .
According to the micro and macro characteristics of fresh and aged samples and the record of leakage current, it can be speculated that there is an interaction between the leakage current and the properties of silicone rubber samples. On the one hand, the high-energy particles generated by the arc action bombard the sample surface, destroying its structure, and the performance of the silicone rubber is degraded. On the other hand, conversely, the decrease in the performance of the silicone rubber results in a decrease in its insulating properties, making the arc more likely to be generated and developed, and the leakage current also increasing.
When the leakage current increases, the energy of charged particles such as electrons and particles generated by corona and arc discharge also becomes higher, and these particles collide with the surface of the sample under the action of the electric field. Combined with the test results of FTIR, it can be speculated that the following chemical changes have occurred [29] .
It can be seen that due to the action of charged particles, the surface of the silicone rubber undergoes oxidation reaction, which consumes methyl groups, weakens its shielding effect on the hydrophilic Si-O main chain, and leads to main chain fracture. Further, the chemical reaction produces hydrophilic groups such as silanol, hydroxyl or aldehyde. It is concluded that the hydroxylation caused by the series of breaking of old molecular bonds and binding of new crosslinking reaction is the main internal reason for the degradation of silicone rubber. As a result, the hydrophobic part of silicone rubber is becoming lower and the inorganic part is becoming higher. The hydrophobic behavior of this change is that the static contact angle becomes smaller. In addition, the SEM images also showed that the surface of the silicone rubber was damaged, the structure became loose and porous, and cluster-like inorganic substances were precipitated.
On the other hand, as far as external factors are concerned, the high conductivity salt-fog environment promotes discharge, accelerates electrical aging and heat aging, leading to the degradation of silicone rubber.
Thus, it is recommended to pay more attention to the monitoring and examining work of composite insulators operating in the coastal area with a foggy and high humidity environment. In addition, fillers can also be used to improve the aging resistance of composite insulators. The proper combination of microfiller and nanofiller can effectively improve arc resistance. Addition of nano-sized silica can be a viable approach for enhancing the corona resistance of micron-sized silica filled silicone rubber. Nanofillers can significantly reduce the degradation of silicone rubber. [17] , [19] , [21] .
IV. CONCLUSION
The physicochemical and electrical properties of silicone rubber samples under salt-fog environment with AC voltage were tested and analyzed in this paper. It is found that various performances were degraded to some extent.
The test results of the static contact angle show a significant decrease in the hydrophobicity of the sample, indicating that the hydrophobic groups were destroyed, which made the water droplets on the surface of the sample easier to connect.
The FTIR analysis conducted on the salt-fog treated samples show a hydroxylation of the silicon rubber, which indicates the decomposition of inorganic flame retardant (ATH) and formation of hydrophilic groups. This can bring down the insulation performance of composite insulator progressively.
The SEM images show that damages such as cracks, holes and cluster particles are observed on the material surface. It can be seen that the corona and arc discharge have a destructive effect on the sample.
Dielectric parameter and flashover results show that the electrical insulation properties of silicone rubber deteriorate after a period of salt-fog aging.
